Like other Mediterranean coastal areas, the landscape of the southeastern region of the Iberian 6 Peninsula was affected by the widespread climate change that occurred at the end of the Tertiary 7 Period, which led to the region"s characteristic summer drought, and tectonic activity of its 8 orographic systems, which increased erosion on hillslopes and sedimentation in drainage networks. 9
During the Holocene Epoch, arid conditions established in the basin; the area was particularly dry 6 10 ky and 4 ky BP, and humid periods occurred 3 ky and 250 y BP (Rognon, 1987) . Carbon isotopes in 11 grain cereals from throughout the Iberian Peninsula indicated that the N-S aridity gradient tended to 12 become pronounced during the last 5 ky (Araus et al., 1997). A growing body of paleobotanical 13 evidence indicates that xeric plant species have been displacing mesic woodlands northward to 14 higher elevations (Parra, 1993) . The activities of humans have influenced the current composition 15 and distribution of the vegetation in the Mediterranean region (Pons, 1981; Pons and Reille, 1988) . 16
Humans have aided the expansion of sclerophyllous vegetation, e.g., evergreen oaks and pines in dry 17 soils at the expense of deciduous and semi-deciduous oaks. In that way, humans have created a 18 mosaic-like landscape that has a very complex spatial structure and high biodiversity (Naveh, 1991) . 19 The changes that occurred over the long-term were at rates that were several orders of magnitude 20 lower than those that are occurring today. In the distant past, the influence of humans was absent or 21 very limited. In the last few hundred years, however, in southeastern Spain, the amount of land 22 degradation influenced by climatic and sociological factors acting synergistically has been significant 23 (Puigdefabregas and Mendizabal, 1998) . 24 During the Little Ice Age (LIA) the Iberian Peninsula had a climate that was cooler and more humid 25 that it does today, but it was a period of high variability. The lowest maximum annual temperatures 26 occurred in the second half of the 17th C., which were about -0.5 ºC below the average for the 27 Medieval Period (Creus, 1983) . Since that time, temperatures have been slowly increasing as the 28 amount of precipitation has been decreasing (with the exception of a small increase at the beginning 29 of the 21st C. Since 1900 the rate of the decrease in annual rainfall has been about 3 mm/yr (Brandt 30 et al., 1991; Oñate Rubalcaba, 1993) . 31 In Spain, socio-economic systems underwent three significant events, which led to changes in land 32 use over the last 500 yr. The first occurred in the 16th and 17th C. because of the establishment of 33 complete Christian rule throughout the Iberian Peninsula, which favored the southward expansion ofscarce and it is advantageous to germinate close to the mother plant (Van Rheede van Outshoorn and 1 Van Rooyen, 1999 ., 2010) . In semi-arid areas in southeastern Spain, the isolation of remnant 5 fragments had a negative effect on plant species richness (Alados et al., 2009a) and led to an increase 6 in the differences in species composition among fragments (spatial variability in species distributions 7 was greater than that expected from a random spatial distribution). Indeed, species distributions 8 became more homogenized among large fragments because of diffusion processes. 9
The negative effects of habitat fragmentation on plant dispersal can be ameliorated by traditional 10 grazing practices because, in many areas, livestock are essential for the dispersal of many plant 11 species (Fisher et al., 1996) . In dry environments, livestock are the primary dispersal agents of plants 12
and can increase seedling success through consecutive stages of establishment throughout seed Brachypodium retusum) and species that actively restrict or hamper dispersal (antitelechory) by 33 myxospermy (Helianthemum almeriensis and Linum strictum) were very sensitive to the effects ofhabitat fragmentation and exhibited a significant positive correlation between patch size and the 1 long-range spatial autocorrelations. In general, changes in the long-range spatial autocorrelations of 2 plant species in response to different degrees of land degradation indicated that spatial self-3 organizing processes are important in the conservation of the ecosystem, and the most effective way 4 to protect against land degradation in semi-arid ecosystems is to reinforce self-organizing processes 5 as positive feedback interactions, which will allow self-structuring mechanisms to operate. 6 7
Monitoring vegetation transitions using patterns in NDVI 8
The use of remote sensing to monitor desertification processes has become common (Prince et al. The ground reflectance data retrieved from satellite images can be compared to ground-based 25 measurements, although haze removal and atmospheric-topographic corrections were required, 26 which reduce atmospheric effects and variation in solar illumination (sunny and shady hills). The 27 corrections were applied using algorithms implemented in the ATCOR software (Geosystem, 2008), 28 which was available as an extension to the remote sensing software ERDAS IMAGINE 9.2. To 29 remove any bias caused by the sensor"s parameters (calibration files), the digital numeric values (raw 30 data) were converted into estimates of the radiance reaching the sensor. The radiance values were 31 converted into real surface reflectance values using standard estimates of atmospheric conditions 32 (e.g., visibility, aerosol type, water vapor content) in the study area. ATCOR consists of ATCOR2 33 and ATCOR3, and is based on MODTRAN-4 code. Typically, ATCOR-2 is used to correct foratmospheric effects in the data from spaceborne optical sensors and assumes flat terrain and 1 Lambertian reflectance. The algorithm works with a database of atmospheric correction functions 2 that are stored in look-up tables (Richter, 2000b ; a). ATCOR-3 accounts for rugged terrain effects by 3 incorporating DEM data and their derivatives, such as slope and aspect, sky view factor, and shadow 4 cast. The algorithm accounts a compiled database that contains the results of the radiative transfer 5
calculations for a wide range of weather conditions and sun angles (Richter, 1997; Richter, 1998; 6 2000a ). 7
After the geometric and radiometric corrections, the NDVI was calculated at 4-m intervals (Fig 1d)  8 along the 500-m-long transects that were extracted from the satellite image. The results were laid 9 over the data collected from the ground-based transects in Cabo de Gata-Nijar N.P. For each transect 10 on the ground, six random transects were taken from the satellite-based image (Fig 1c) , which 11 provided information from 36 and 48 transects in dwarf matorral and alpha steppe, respectively (Fig  12   1b) . At the alpha steppe site, transects were placed on either shallow (<10°) or steep (20°-30° slopes. dynamics when the system becomes over-connected and rapid change is triggered. Thus, the positive 6 feedback triggered by run-off and erosion tend to destabilize the system when the patchy distribution 7 of vegetation reaches a certain threshold beyond which the processes become irreversible (Rietkerk 8 et al., 2004) . In the alpha steppe, the lateral root expansion of S. tenacissima favor to a stronger 9 spatial autocorrelation on bare soil, coincident with the spatial distribution of S. tenacissima (R 2 = 10 0.84, slope = 1.02, P < 0.001, for the regression between α-DFA of S. tenacissima vs. that of bare 11 soil from the ground-based transects). The effect was not as evident in the dominant species of the 12 dwarf matorral, e.g., Ch. humilis (R 2 = 0.27, slope = 0.57, P < 0.001) and Ph. purpurea (R 2 = 0.21, 13 slope = 0.39, P < 0.001). In the alpha steppe, effects of two opposing trends cancel out each other: (i) 14 the self-organization of bare soil because of the self-organization of the dominant species S. 15 tenacissima and (ii) the run-off process that increases with the bare-soil ratio. 16
To distinguish between those effects, we compared shallow and steep slopes in alpha steppe habitats, 17 where the effect of S. tenacissima on pattern formation is greater because it occupied 48% of the 18 area, whereas it occupied 24% on the dwarf matorral. (Fig 4) , which reflects the stronger effect of run-off processes on high slopes. NDVI self-26 organization (α-DFA) declined with the amount of bare soil equally on high and low slopes, but the 27 effect was more pronounced on low slopes (R 2 = 0.19, slope = -0.81, P < 0.05) than on high slopes 28 (R 2 = 0.07, slope = -0.34, P > 0.05). In steep-sloped areas, the shallow roots of S. tenacissima are 29 exposed as the fine soil is lost during rain run-off, which reduces the competitiveness of this species 30 (Alados et al., 2006) and the negative relationship between α-DFA of NDVI and bare soil rate. In 31 contrast, in shallow-sloped areas in alpha steppes dominated by S. tenacissima, the species plays a 32 more important role in the organizing process. 33 The ecological strategy of the species occupying the habitat mediates the relationship between 1 species richness and NDVI spatial organization. In the dwarf matorral, the long-range spatial 2 autocorrelation of NDVI (α-DFA) declined as species richness increased (R 2 =0.14, slope = -0.008, P 3 < 0.05) (Fig. 5) . Thus, when the spatial autocorrelation of NDVI is the result of run-off processes 4 that occur in slope areas, species richness declines as the contagious spread of erosion processes 5 increase. In contrast, as the spatial autocorrelation of NDVI in alpha steppe increases, the number of 6 species increases, particularly in shallow-sloped areas, where the contribution of S. tenacissima to 7 NDVI spatial organization is most apparent, which results in an increase in species diversity with α- 
